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V. CARTRI DGE FI LTRATI ON
A. Description of Unit

Cartridge filtration utilizes pleated or nonpl eated di sposabl e
filter media. Its application is often limted to fluids contain-
ing no nore than 0.01% solids (about 100 ng/L) and where cake
handling is unnecessary. Each filter mediumis usually associ ated
with a particular pore size ranging fromsubm cron up to 150
m crons. The cartridges are cylindrical in configuration and
bonded to plastic or netal hardware. Housings are available in
plastic, lined nmetal or nmetal construction to neet various
operating conditions of pressure, tenperature and waste stream
conpatibility.

B. Media
1. Type of Media

The types of nedia used to manufacture cartridge filters
i ncl ude cotton, nylon, polypropyl ene, polyester, acetate, acryl-
ic, glass, ceramcs, netals, polyethylene, nodacrylic, rayon,
saran and fluorocarbons. In addition to the various types of
filter media, filters are constructed of woven fabrics, felts,
and nonwoven fibers, porous solids and pol yneric nenbranes.
Sel ection of the nedia and nedia construction is dependent on
waste stream characteristics, filter operating conditions and
desired effluent quality. Summarized bel ow are sonme genera
informati on and uses for nedia material and construction type.

Fabrics of Wven Fi bers

There are four basic type of weaves used as the base nateri al
for filters; plain/square weave, twll, chain weave, and satin.
Al the weaves can be made fromtextile fiber of natural or
synthetic origin.

Met al Fabrics or Screens

Filters made of netals are available in a variety of weaves
and types of netal which include nickel, copper, brass, bronze,
al um num steel, stainless steel and other alloys. Good corrosion
and high tenperature resistance of properly selected netals nmake
metal nedia desirable for long |ife applications, particularly
since they can be cl eaned.

Pressed Felts and Cotton Battings

Filtration with these materials usually occurs by deposition
of the particles on and throughout the weave. They are often used
to filter viscous materials such as gel atinous particles from
pai nt .
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Nonwoven Fabrics

These filters are made of synthetic fibers |Iike polyester and
nylon, they are lighter than felts. They are used to filter
hi ghly viscous fluids to renove particles as small as 5 m crons.

Filter Papers

Filter papers are available in a wide range of perneability,
t hi ckness and strength. They generally require perforation and a
back-up plate for support.

Ri gi d Porous Media

These nedia are available in a wide range of materials includ-
ing stainless steel, ceramcs and sone plastics. They are ideally
suited for waste streans which require a wi de range of chem ca
and tenperature resistance.

Because sone filters are conposed of several nedia types it is
i nportant to nmake sure of the conpatibility of each filter nedia
with the particular waste stream Table A-9 and A-b summari ze
the types of filter nedia and conpatibility wth generic waste
streans. Table A-b gives a broader discussion on materials
conpatibility and is fromrecent vendor literature. Wile these
tabl es are a generic guide on conpatibility, corrosion handbooks,
field experience and vendor literature should be reviewed to
determ ne conpatibility wth specific known conpounds and charac-
teristics of the waste stream
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Table A-9 Characteristics of Filter Materialse

Reslat Rea Resistance to Resistance Maximum operating
to acids to alkalies oxidizing agents | to solvents temperature, °C (F)!

Acctate G F P G G 98.9 (210)
Acrylic G G F E 148.9 (300)
Glass P E P E 315.6 (600)
Metallic G
Modacrylic G G G G 82.2 (180)
Nylon E F-P G F-p G 107.2 (225)
Polyester E-G G G-F G G 148.9 (300%)
Polyethylene G G G F G 73.9 (165%
Polypropylene G E E G G 121.1 (250)
Rayon G P F-P F G 98.9 210)
Saran G G G F G 71.1 (160)
Cotton G P F G E-G 98.9 (210)
Fluorocarbon F E E E G 287.8 (550

® Adapted from Mais, (1971). Symbols have the following meaning: E = excellent; G = good;
F = fair; P = poor.
1.°C = CF-32)/1.8; K = CF + 459.7)/1.8
2. Low-density pofymer. Up to 230 degrees F, for high-density.
3. Heat-set fabric; otherwise lower.
4. Requires ventilation because of release of toxic gases above 400 degrees F.
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TABLE A-10 CHEM CAL RESI STANCE CHART

MATERIAL

Polyvinyl Chlo-
ride
(PVC, UPVC)

RESISTANCE

Resistance to most
solutions of ac-
ids, alkalis,

and salts and or-
ganic compounds
miscible with wa-
ter.

Not resistant to
aromatic and chlo-
rinated
hydrocarbons.

MAX
PERMISSIBLE
TEMP. (Wa-
ter)

60c¢°
140F°

MAX
PERMISSIBLE
TEMP. (Water)
- Short-term

- Constant
60C°

140F°

Chlorinated
Polyvinyl
Chloride
(cpve)

Can be used simi-
larly to PVC but
at increased
temperatures

90cC°
195F°

110c°
230F°

Polypropylene
(PP)

Resistant to water
solutions of ac-
ids, alkalis, and
galts, as well as
to a large number
of organic solven-
ts. Unsuitable
for concentrated
oxidizing acids.

60cC°
140F°

8oc°
175F°

Polyvinylidene
(PVDF)

Resistant to ac-
ids,

solutions of
salts,

aliphatic, aromat-
ic, and chlorinat-
ed hydrocarbons,
alcohols, and hal-
ogens. Condition-
ally suitable for
ketones, esters,
ethers, organic
bases, and
alkaline solutio-
ns.

90cC°
195F°

110c°
130F°

Polytetrafluro-
ethylene
(PTFE)

Resistant to all -
chemicals listed
in vendor litera-
ture.

140c¢°
285F°

150¢c°
300F°
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TABLE A-10 CHEM CAL RESI STANCE CHART
MATERIAL RESISTANCE MAX MAX
PERMISSIBLE PERMISSIBLE
TEMP. (Wa- TEMP. (Water)
ter) - Short-term
- Constant
T—_—-——_—-——————_—_——-—-——————-‘
Nitrile Rubber Good resistance to goc° ‘120¢°
(Buna-N) o0il and gasoline. 195F° 250F°
Unsuitable for
oxidizing agents.
Butyl Rubber Good resistance 90C° 120¢C°
Ethylene Pro- | to ozone and 195F° 250F°
pylene weather. Espe-
Rubber cially suitable
(EPDM, EPR) for aggressive
chemicals.
Unsuitable for
oils and fats.
Chloroprene Chemical resis- 8oc’ 110c¢°
Rubber tance very sim- 175F° 230F°
(Neoprene) ilar to that of
PVC and between
that of
Nitrile and
Butyl rubber.
Fluorine Rub- | The best chemi- 150cC° 200c¢°
ber cal 300F° 390F°
(Viton) resistance to
solvents of all
elastomers.

Adapted from vendor literature on fluid compatibility.

2. Configuration

Cartridge "clarifiers" are units which contain one or
The housi ngs are constructed of
which is conpatible with the system operating pressure.
mat erials of construction include PVC and stainl ess

replaceable filter el enents.

mat eri al
Typi ca
st eel .

nore

Filter selection is based on the desired particul ate effl uent
quality and conpatibility with the waste streamto be treated.
Were high effluent quality, low particle counts, i.e., nunber of
particles remaining after filtration with a specified mcron
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rating or renoval of subm cron particles is required, the filter
pore size can be staged to mnim ze cost of the nore expensive
subm cron particulate filters. Filter vendors have typically used
a 3or 4:1ratio, of larger pore size filter changes to smaller
pore size filter changes, as the nost econom cal approach for
stagi ng. Most often, the nethod for selecting filter sizes for
staging is determned in the field. Alternatively, filtration
rates using multiple pore size nenbranes can be tested in the

| aboratory prior to field testing.

Cartridge filters cone in 2 basic configurations. The first is
a di sposable tubular filter where filter elenents fit into a
cylindrical container or housing. These filters conme in 2500,
5100, 7600, 10000 mllineter (100, 200, 300, 400 inch) Iengths
and can be stacked end-on-end within the filter housing to
provi de nore surface area. For sone installations as many as 300
filters can be installed per housing. See Figure A-16 for a cross
section of a filter housing and filters. To determ ne how many
filters may be required for a particular operation the designer
must first know the systemflowate. Mdst filter el enments have
t hroughputs of 0.1 liters per mnute/square neter to 1 liters per
m nut e/ square neter (0.25-4.0 gpmft2) and there is approxi mately
1 cubic nmeter of filtration area per neter length of filter (10
cubic feet per foot filter length). Therefore the nunber of
filters required can be cal cul ated using the foll ow ng equati on:

system fl ow ate

t hroughput x surface area

The desi gner shoul d al ways check vendor literature for the
total available surface area for the selected cartridge filter

The second type of cartridge filter is called a nmechanical or
edge filter where the cartridge consists of a stack of discs
assenbl ed so that fluids can fl ow between the discs but particles
| arger than the space between the discs are held at the outer
edges. These filters are usually nmade of ceramc, netal or
plastic so that the filter elenments can be cl eaned by backfl ushi -
ng, scraping or ultrasonic cleaning. In sone cases the filters
may be burned to renove deep seated particles or soaked in a
cl eani ng sol vent .

3. Media Support System

Filter housings are an integral part of cartridge filtration
in that they need to be conpatible with the system pressure and
operating tenperature, handle corrosive fluids, economcally
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FIGURE A-16. CROSS SECTION OF CARTRIDGE
FILTER HOUSING AND FILTERS
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house the nunber of cartridges required, provide reliable seals
to prevent fluid bypassing and account for easy replacenent of
filter el enents.

To handl e corrosive waste streans, housings can be constructed
of a variety of steel and nickel alloys with nultiple type liners
avai | abl e. Housi ngs nust neet pressure vessel codes and if
tenperature needs to be maintained to prevent solidification of
sonme fluids a heated jacket for sone filter housings is avail -
abl e.

Filter housings can house and operate in parallel up to as
many as 300 filter elenents. Systens that use nultiple filter
el ements tend to have greater solids holding capacity per unit
length of filter. This is due to a reduction in flowate or fl ux
across the filter with increasing filter area.

One of the nost inportant features of filter housings is the
seal i ng system which prevents bypassing of the filter. A common
seal uses doubl e open ended cartridges and a top conpression ring
on the housing. Piston type O-ring seals are nost often used in
single cartridge housings.

Cartridge el enents have the designation DOE for doubl e open
ended seals and SCE for single open end designs. The nbst comon
sealing systemin nmulti-cartridge units is the DCE design. The
DOE design provides a knife-edge seal on the seat at the top of
the filter cartridge. SOE cartridges are nost frequently used in
single cartridge housings where piston type O-ring seals are
contained within the cartridges thenselves. See Figure A-17 for a
schematic of DOE and SCE secti ons.

C. Operating Conditions

Filters are changed when pressure differential across the
systemrestricts the flow through the unit or effluent quality
degrades due to cartridge filter deformati on. Dependi ng on
effluent quality needs, filters may be staged according to pore
Ssize thereby mnimzing cost for small pore size filters. System
paraneters which affect filter selection include tenperature,
pressure, fluid conpatibility, efficiency, fluid viscosity, type
and quantity of contam nant, maxi mum al |l owabl e pressure drop
across filter assenbly, required throughput and flow rate.

Tenperat ure

d ass, ceramc and netal filters are the nost commonly used
filters where continuous operating tenperatures exceed 260°C
(500°F). In the tenperature range of 150-260 °C (302-500 °F)
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fluorocarbon filters as well as glass, ceramc and netal filters
are often used. From 80-260 °C (176-500 °F) al nost all other
nmedi a types can be used provided netal hardware is used. Bel ow
80°C (180°F) all filter medias can be used with either plastic or
metal hardware. Refer to Table A-9 for maxi num operating tenper-
ature for each filter materi al

Pressure

System pressure is needed to maintain flow as the cartridge
accunul ates particles. In determ ning operating pressures the
desi gner nust al so consider the pressure necessary for other
resi stances such as pipe el bows and val ves. Excessively high
pressure can cause structural damage to the filter. It is
therefore inportant to know the filter m ni mum pressure to
mai ntain flow and evenly distribute solids across the filter as
wel | as maxi mum operating pressure which can cause filter damage.
As the filter plugs high differential pressures across the filter
are realized, causing particle or pore deformation. Sonme vendors
can provide systens with differential pressure alarns to warn of
inpending filter failure.

Fluid Conmpatibility

As previously discussed in section A, filter conpatibility
with the waste stream nust be determ ned fromavailable litera-
ture and fromexperience. In addition to the literature review a
chem cal conpatibility test can be perfornmed by inmersing the
cartridge filter in the fluid for at |east 48 hours. At the end
of the selected soak period observe the filter for changes in
color, structural integrity, swelling, softening, deformation and
any other changes in the filter's and the filter hardware's
physi cal appearance. Al so observe changes in the fluid including
changes in color, clarity and viscosity.

Filter Efficiency

Suppliers of cartridge filters use different test nethods for
rating a filter's performance. In nost cases these test nethods
cannot be correlated. Filter ratings include nomnal filtration
rating, absolute filtration rating, beta ratio and filtration
ratio. Nomnal filtration rating represents sone percentage of
removal of particles of a given size or larger. It is not typi-
cally reproducible fromcartridge to cartridge. Absolute filtra-
tion rating is the dianmeter of the | argest spherical particle
that will pass through the filter under specified test conditions
by the vendor and are sonetines perforned in air environnments.
Beta ratio is the total nunber of particles in an influent waste
streamgreater that a specified size divided by the nunber of
particles in the treated effluent waste stream of the sane size.
Filtration ratio is the nunber of particles in the influent equal
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to sone specified size divided by the nunber of particles in the
effluent equal to the sanme specified size. Most cartridge filter
wi th absolute ratings of 75 will typically have a filter renova
efficiency rating of 95%

Fluid viscosity

Filter type, area and pretreatnment needs are all influenced by
pressure drops resulting fromfluid viscosity. N ckolaus suggests
that for coarse filtration and high viscosities above 3000
centipoise (cP) (7230 I b/ hreft) nmetal nesh cartridges are recom
mended because of their high perneability and strength. He al so
i ndi cates that nonpleated cartridges have been used at viscosi-
ties of 20,000 cP (48,400 Ib/hreft) but at low flux rates of <0.2
liters per second per cartridge (0.3 gpm. To reduce pressure
drops caused by fluid viscosity, filter area can be increased.

Type and Quantity of Contam nant

The type and physical characteristic of the contam nant infl u-
ences filter type and area. Hard, irregular/inert type particles
are nore easily filtered with cartridge filters than are gelati -
nous materials. Contam nants of an organic nature influence
cartridge sel ection depending on relative concentrations. At |ow
| evel s the cartridges may fail on differential pressure before
t he sol vent breaks down the structural integrity of the filter.
At higher organic |oadings, the structural integrity may be
inpaired prior to failure due to solids |oading and pressure
drop. Excessive pressure and flowate may cause the pores of the
filter to become m sshapen and w den, resulting in poor effluent
qual ity.

Maxi mum Al | owabl e Cartridge Pressure Drop

This is a paranmeter often specified by the manufacturer and
represents the maxi mum operating pressure at which the filter
will fail structurally. Oten overl ooked pressure drops are those
associ ated wi th housi ng/ system hardware whi ch shoul d be consi d-
ered when selecting a filter for available pressure drop. Filter
selection should mnimze the ratio of hardware | osses to total
avai |l abl e pressure drop.

Requi red Throughput and Fl ow Rate

Thr oughput per cartridge is best determ ned by | aboratory
tests which are relatively easy to perform It is inportant the
test fluid is representative of the waste streamto be treated.
From pi |l ot/ bench scale tests, throughput per cartridge can be
determ ned and surface area needed for filtration to maintain
pressure drop across the cartridges can be optim zed w thout inp
acting the structural integrity of the filters. Depending on the
waste streamto be treated throughput per cartridge can range
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fromO0.1 liters per mnute/square neter to 1.0 L/(mn nf) (0.25-
4.0 gpmft2). The actual throughput is inpacted by fluid
viscosity and filter media pore size. Cenerally all of the
factors above inpact filter throughput and they nust all be
consi dered when sizing the system

D. Advant ages/ D sadvant ages

Cartridge filters are flexible in that different ratings and
materials of construction can be interchanged to accommobdat e
changing conditions in waste streans. Multiple cartridges hous-
ings are avail able to supply the surface area needed to neet
desired throughput and flow rate while mnim zing pressure drop.
Mul ti cartridge housings al so have the advantage of requiring
little space. Most nulti cartridge housings are typically 3000-
6000 mllinmeters (10-20 feet) in dianeter and can be 2500-10, 000
mllimeters (8-30 feet) high depending on the nunber of car-
tridges stacked within a single unit.

Cartridge filtration can be used for any flowate sinply by
adding nore filters. Sone applications have flowates of 4
mllion liters per day to 8 million liters per day (1-2 ngd) such
as in the sem conductor industry. In this application the wet
stream undergoes rigorous pretreatnent to m nimze changi ng of
filter elenments. For HTRWapplications cartridge filter can be
used to renove pinpoint flocs not readily renovabl e by nedia
filters. As discharge limtations becone nore stringent cartridge
filtration will have a larger role at HTRWsites.

The biggest Iimtation for cartridge filters is the inability
to treat waste streans with solids | oadings greater than 0.01
percent solids. For this reason cartridge filers are often used
as a polishing step or to protect a downstreamtreatnent unit
subject to biological or particulate attack.

Cartridge filters are limted in use on hazardous waste sites
in that the cartridge housing needs to be opened to repl ace
filter elements. This creates health and safety exposure con-
cerns. Wien used in treating hazardous waste, the costs for
di sposal of a single cartridge is significant when conpared to
the total quantity of contam nant renoved. Solids renoved by
ot her systens which can be backwashed have the advantage of being
able to renove the solids fromthe filter bed by backwashi ng.
Therefore there is no need to change the nedia as with cartridge
filtration resulting in significant cost savings. However, it
shoul d be noted that capital costs for cartridge filter systens
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is typically less than other types of filtration systens, e.gqg,
pressure or gravity.

E. Reference. See Appendi x D.
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